This paper deals with a new method for the determination of serum nucleotidase (EC 3.1.3.5). The assay is performed with cytidine-5'-monophosphate as substrate, followed by deamination of the generated cytidine. The principle of the method and the determination of the liberated ammonia by the Berthelot indophenol-reaction are comparable to the Persijn -van der Slik method in which adenosine-5'-monophosphate is used as substrate. The correlation between the results obtained with these two methods was found to be good; the new method has the advantage of higher sensitivity.
Other substrates have been mentioned by some authors (6, 7, 8) . For example, they also determined S'-nucleotidase as the activity towards CMP, but, perhaps partly because of nonroptimal conditions, their results were contradictory and, as a consequence, AMP remained the substrate of choice.
In a preliminary investigation, however, we used a method for the determination of the liberated inorganic phosphate and found that activities with CMP were almost double those obtained with AMP as substrate.
We decided to investigate this point in more detail, using the 5'-nucleotidase ammonia method, but for this purpose we had to obtain a preparation with *) Enzymes: 5'-Nucleotidase (5'-Ribonucleotide-phosphohydrodrolase) EC 3.1.3.5; Adenosine deaminase EC 3.5.4.4; Cytidine deaminase EC 3.5.4.5.
cytidine deaminase activity (to be used as second enzyme to measure the cytidine) because cytidine deaminase is (still) not available commercially.
A method was developed for the extraction of cytidine deaminase from Escherichia coli cells. With this preparation, all parameters of the 5'-nucleotidase determination with CMP and the correlation between the AMP and CMP methods were determined.
The principle on which the new method is based is as follows:
cytidine-5'-monophosphate ^-nucleotidase p . + cytidine cytidine deaminase uridine + Î indophenol reaction I blue colour
Material and Methods
Preparation of crude cytidine deaminase extract E. coli B (wild type; Medisch Biologisch Laboratorium, T. N. O., Holland) was grown at 37 °C overnight in Vogel-Bonner medium (0.2g Mg SO 4 ; 7 H 2 O, 2.0 g citric acid, 10.0g K 2 HPO 4 , and 3.5 g Na(NH 4 )HPO 4 dissolved in distilled water, diluted to l litre and sterilised for 20 min at 120 °C) with 0.25 g glucose added per litre culture fluid. The next morning, 4 g glucose and 2 g caseine were added per litre fluid and after further growth for 2-3 hours the culture reached the exponential phase (extinction at 550 nin about 0,8) and the cells were harvested by centrifugation (15 min, 6,000 rpm). The pellet was taken up in phosphate buffer (0.01 mol/I; pH 7.1, 10 ml per litre culture fluid) and the suspension subjected to ultrasonic treatment for 5 min under cooling (-10 °C), after which the fluid was centrifuged for 20 min at 3,000 rpm and the supernatant for about 2 h more at 100,000 g (Spinco L). The clear supernatant fluid was dialysed at 4 °C for 10-20 h against phosphate buffer (0.05 mol/1; pH 7.5) and stored in aliquots at -20 °C (stock cytidine deaminase). The protein content was 5-12 g/1, the cytidine deaminase activity 3,000-7,000 U/l, depending upon the growing conditions. Table I . Before addition of the CMP, the tubes are placed in a 37 °C waterbath for a few minutes.The reaction can now be started with the CMP, and after exactly 30 min stopped with the phenol reagent. After immediate addition of the alkali-hypochlorite reagent and mixing, the tubes are incubated for another 30 min. The optical densities of the solutions can then be read at 625 nm. The unknown (A x ) is read against the unknown blank, the standard (A s ) and the reagent control (A c ) against the standard blank. All readings were made in a Zeiss PM 2 D spectrophotometer with a 10 mm flow-thro ugh cell.
The factor 124.7 10,000 --is the volume standard (= 0.1 ml), 3 .74 is the concentration standard in mmol/1 (= μΓηοΙ/ml), 1 10 10,000 is the sample volume of 0.1 ml, the activity being expressed per litre serum, and .
is 
3.74 = concentration standard (mmol/1) 0.10 = volume standard 5000 = to convert sample volume (0.2 ml) to 1000 ml. 1/60 = to express activity per minute.
Determination of 5'-Nucleotidase activity with AMP This is done as described elsewhere (4).
Determination of the cytidine deaminase activity Incubate 0.1 ml cytidine deaminase stock solution (appropriately diluted, e.g. 40 times) with 1.0 ml 10 mmol/1 cytidine solution in buffer. For a blank, take 0.1 ml of the same diluted cytidine deaminase solution and 1.0 ml buffer solution. Similarly, mix 0.1 ml ammonium sulphate solution (1.5 mmol/1) with 1.0 ml buffer solution. After 30 min of incubation at 37 °C, the " ammonia is determined as above with the Berthelot reaction. Read at 625 nm against a b ffer blank.
Calculation of the cytidine deaminase activity:
The factor 100 : 
Determination of 5'-Nucleotidase activity (phosphate method)
We used the Heppel and Hilmoe method (8), with a number of modifications (1), involving a reaction mixture of 3.2 ml, veronal buffer, a 30 min incubation time, and reduction with ammonium ferrous sulphate.
Comments on the procedure

Activity of cytidine deaminase
For the determination of the K m value of cytidine deaminase for cytidine, a strongly diluted cytidine deaminase solution was used. The reaction rate was measured as a function of the cytidine concentration, covering the range 0.02-5.0 mmol/1. From a number of Lineweaver-Burk plots, K m values between 0.21 and 0.27 mmol/1 were calculated, which is in good agreement with the literature (9). Neither K m nor V max was significantly influenced by the presence of 0.1 ml serum or 5 mmol/1 CMP.
Increasing amounts of cytidine were incubated for 30 min with the given excess of cytidine deaminase solution (see reagents) and the resulting colour was compared with that of equimolar (with respect to NHs) ammonium sulphate solutions in buffer. Figure 1 shows that this calibration curve is linear up to at least 0.8 μτηοΐ cytidine in the test volume, corresponding to a serum 5'-Nucleotidase activity of 270 U/L It can be concluded that cytidine is completely converted to ammonia under the conditions of the 5'-Nucleotidase assay.
Theoretically, with our method a serum with a S'-Nucleotidase activity of 200 U/l will generate in 30 min 0.6 μιηοΐ cytidine. As an arbitrary value, we wished to add sufficient cytidine deaminase to give complete conversion of this amount in 5 min. Increasing amounts of cytidine deaminase solution, diluted with buffer and cytidine to a final volume of 1.1 ml, were incubated for exactly 5 min at 37 °C with 0.6 μιηοΐ cytidine (final concentration 0.546 mmol/1). After proper correction with blanks, the ammonia produced is shown in Figure 2 . On the basis of these results and the separately Experiments designed to check this K m -value by means of the Pj determination gave principally the same results but were not exact. The reported experiments were always performed with added magnesium, to a final concentration of 24 mmol/1, and Figure 4 shows that this concentration is high enough to give maximal stimulation. 
Linearity
The time course of the S'-Nucleotidase reaction performed according to Table 1 and shown in Figure 5 , reveals linearity with the incubation time for more than 50 min. To obtain an impression of the reproducibility of the assay, a serum with a 5'-Nucleotidase activity of 233 U/l (mean value) was tested in a tenfold assay in one series.
The standard deviation (S.D.) was 2.9 U/l, from which ä coefficient of variation (C.V.) of 1.2 % was calculated.
For a serum with a mean value of 53.5 U/l theso values were 1.1 U/l and 2.1 % respectively, The C.V. was also estimated from the results of a number of serums analysed in duplicate (in several series). Arranged according to activity levels, these results are given in Table 3 .
Correlation with the AMP method (4) The principle of "competitive substrate retention", described in a previous paper (3), was also studied for the present method. Three different serums were assayed for 5'-Nucleotidase activity, using different concent rations of phenyl phosphate. Figure 6 shows that 8.0 mmol/l phenylphosphate, the concentration used in the method according to Table 1 , is sufficient to inhibit the interference of alkaline phosphatase.
For comparison of the present direct method and the method according to I.e. (4), sera were analysed in both ways. . Figure 7 shows the results graphically. For the' regression equation we calculated: y (CMP) = 1.86 (AMP) -4.24.
Using the indirect method (Table 2) however, a relatively small intercept on the abcissa was found (Fig. 7) .
Contrary to the results with the direct method, the value of A c was about zero. The reaction which is measured as A c in the direct method was found to increase with increasing concentrations of CMP or of our crude cytidine deaminase solution. The intercept could show a positive value up to 20 U/l. Experiments were performed in which the A c reaction in veronal buffer was studied in the presence of serum dialyzed against physiological saline. The results clearly indicated that the A c reaction is inhibited by dialyzable serum constituents (details will be published in another report). van der Kooij, Pcrsijn, van der Slik and Korsten: Determination of serum nucleotidase with cytidine monophosphate
Properties of cytidine deaminase
With respect to the source and isolation of cytidine deaminase, there are a few reports (9, 10) , but these purifications were not so impressive and the recoveries were poor. We found thatJ?. coli cells grown in minimal medium and harvested early in the exponential phase, gave the highest cytidine deaminase production.
Experiments with various conditions for growth and harvesting (other culture media, radiation with UV light, use of detergents, etc.) resulted in the present method.
Our cytidine deaminase solution can only be considered as a rather crude preparation. However, some experiments performed to evaluate the stability under various conditions, may nevertheless be of practical significance. We found that the diluted cytidine deaminase solution is stable for at least one day at room temperature; there was no loss of activity after incubation under our conditions for more than 60 min at 37 °C, while storage at 4 °C resulted in only 18% loss after four days. The cytidine deaminase stock solution can withstand lyophilization (residual activity at least 95%, which compares very favourably with the 52% we found for adenosine deaminase).
Discussion
Difficulties such as the long incubation time, incubation at temperatures higher than 37 ° C or large sample volumes resulting in high blank values, encountered with the available methods (11, 12) for the automated determination of serum 5'-Nucleotidase, led us to look for a better and more sensitive method. We also tried to maintain the advantages and clinical significance of our earlier method (4): The use of phenylphosphate for the inhibition of non-specific alkaline phosphatase, and an auxiliary enzyme for simultaneous conversion of the product to ammonia, followed by the sensitive Berthelot reaction. The result is a manual method giving results which compare very well with those of the procedure using AMP as substrate, but the activities are now almost doubled, which makes it possible to cut the previous incubation time by half.
The fact that we used a crude cytidine deaminase preparation may explain why a plot of the regression equation definitely intercepts the abcissa in the direct method.
Apparently the application of A c in formula (1) is an overcorrection. This may be explained by assuming that the crude cytidine deaminase preparations contain an enzym which in veronal buffer in the presence of CMP causes a side reaction to occur, which is suppressed to some extent by serum. This leads to calculated 5'-Nucleotidase activities which are too low in the order of 5-20 U/l (depending the dilution of the crude cytidine deaminase). It is evident that a direct method is the method of choice for the routine measurement of 5'-Nucleotidase activities with CMP but that the problem of overcorrection limits the routine application of this method.
There appear to be several approaches, however, to the solution of this problem: a) purification of the crude cytidine deaminase preparation to eliminate the interfering enzyme b) preparation of a series of pooled sera to be analyzed for 5'-Nucleotidase activity both with the indirect method and the direct method. The differences found between both assays will give an estimate of the intercept value. The intercept value can be used for the calculation of true 5'-Nucleotidase activities of samples analyzed with the direct method. Studies on these points are in progress.
Nevertheless, it may be concluded from the present results that combination of the sensitivity of the Berthelot reaction with the use of CMP as substrate for 5'Nucleotidase (which gives higher activities than AMP), has provided a valuable approach to better automated direct methods for 5'-Nucleotidase.
